Background and purpose: A population-based Copenhagen birth year 1948 cohort with high myopia recorded since age 14 years (spherical equivalent less than or equivalent to À6 D) has been followed over 50 years. Despite complications, current follow-ups have outlined a better visual prognosis than usually drawn from selected clinical series in the literature. For the present status at age 66 years, focus was on visual ability and choroidal thickness. Methods: Twenty-eight of the original 39 participants were available in 2014. Medical history was updated. Best-corrected visual acuity (BCVA) data were compared with subfoveal choroidal thickness (SFCT), now measured by enhanced depth optical coherence tomography. Results: Due to at least better eye visual acuity (VA), all patients had maintained their everyday visual capacity. Only one participant was marginal regarding visual status for a driver's licence; low vision was not on record. Based on all eyes, choroidal thickness correlated negatively with axial length (AL), which also held for the fraction with high myopia (AL >26.5 mm). In high myopia, the mean choroidal subfoveal thickness was 114 AE 75 lm versus 182 AE 94 lm in lower myopia (p = 0.01). Conclusion: Despite the generally maintained individual visual capacity in the series, significant correlation could be demonstrated between SFCT and (i) axial elongation and (ii) recorded VA, with a negative and a positive sign, respectively. Overall, the visual prognosis was relatively benign, in particular when compared with the selected high myopia hospital series that predominate in the ophthalmic literature.
Introduction
The myopic proportion of the population and especially high myopic subjects are at a considerable over-risk of vitreo-retinal problems, glaucoma and early onset of cataract (Perkins 1979; Curtin 1985; Fledelius 2000) . In general, precise estimates of the risk are difficult. This is partly due to incomplete morbidity data, with only hospital contacts registered on a regular basis; background populations are seldom specified.
In this context, our cohort-based unselected sample of Copenhagen citizens born in 1948 may appear unique. Schoolchildren with documented myopia of at least À6 D uni-or bilaterally were identified at age 14 years, and current follow-up evaluations have provided a true picture of their visual abilities during adult life (Goldschmidt & Fledelius 2011) . Complications have occurred, but all participants can still manage visually, although sometimes based on sight in one eye only. This is a report on our recent followup in 2014. Participants are now aged 66 years. Compared with the previous trials in 2002 and 2008, new technologies are included. Enhanced depth imaging optical coherence tomography (EDI-OCT) has been added, with the primary aim of analysing central choroidal thickness. Furthermore, ophthalmoscopy and by indirect techniques (OPTOS) photographs have rendered wide-field retinal data.
Otherwise, the focus has been maintained on best-corrected visual acuity (BCVA), partly to follow up on the socio-ophthalmic course by age and partly to allow comparisons with the new optical coherence tomography (OCT)-derived data. An extended evaluation of kinetic Goldmann visual field findings and the recent set of OPTOS recordings will be reported separately (Fledelius et al. 2017 ).
Patients and Methods
The original 39 participants with myopia of at least À6 D in one or both eyes when aged 14 years were recruited from a Copenhagen school cohort born in 1948 (n = 9243; Goldschmidt 1968) . The present analysis is from clinical update number 6 in the series of followup examinations undertaken since 1974 (clinical overview, Goldschmidt & Fledelius 2011) . Thirty-two participants were alive and living in Denmark in 2014, of whom 28 were able to attend (16 women, 12 men). Nonattendance was due to general health and logistics, and not to poor visual status or ophthalmic incidents. All participants had given informed consent. The project respected the tenets of the Helsinki Declaration.
Examination programme
Medical history was updated. Bestcorrected VA (BCVA) was tested subjectively on an Early Treatment Diabetic Retinopathy Study (ETDRS) chart. For comparison with previously published data, we present the alternative decimal acuity values, as also referred to on the logMAR chart. Autorefractometry (Nidek ARK 2500, Aichi, Japan), colour sense (Ishihara), contrast sensitivity (Pelli-Robson chart) and axial length (AL) and keratometry by interferometry (IOLMaster, Carl Zeiss Meditec AG, Jena, Germany) were performed. With reference to the high reproducibility of AL measurements by IOLMaster, for the present analysis of the OCT measurements, we replaced the original À6 D spherical equivalent limit as criterion for high myopia with axial elongation above 26.5 mm. In accordance with previous schedules, ambulatory visual field was examined by the Donder's test and by kinetic Goldmann perimetry for large standard objects (V, 4e or IV, 4e), now however with smaller test objects added (II, 4e or I, 4e) (cf. Fledelius et al. 2017) . Funduscopy after dilation (topical Mydriacyl 0.5%; Alcon, Copenhagen S, Denmark) was conducted by direct OPTOS (widescreen fundus photographs, Optos, Dunfermline, UK).
Enhanced depth imaging optical coherence tomography (EDI-OCT) was performed using a spectral domain instrument (Spectralis HRA + OCT, Heidelberg Engineering, Heidelberg, Germany). All scans were performed by the third author (XQL) using the eye tracking and real-time averaging functions over 25 B scans and in highresolution mode (1536 A scans per B scan). A fovea-centred horizontal 7-line frame within a 5 by 30°rectangle was used in all scans, with optimal centration based on the deepest foveal pit and a pronounced foveal reflex. Transverse magnification was adjusted using the individual keratometry and refractive values. Choroidal segmentation was performed manually, using the manufacturer's software (HEIDELBERG EYE EXPLORER, Ver 1.6.1.0; Heidelberg Engineering) by moving the inner limiting membrane segmentation line to the choroido-scleral border while keeping the Bruch's membrane segmentation line intact. If visible, a suprachoroidal spatium was counted as part of the choroid, and the full thickness given in micrometres. Subfoveal choroidal thickness (SFCT) was measured directly under the fovea. A 12°peripapillary scan was centred on the optic nerve head, and values were added to obtain the thickness of the retinal nerve fibre layer and the central retinal thickness.
Statistics were analysed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). Variance was evaluated by relevant histograms. Unpaired Student's t-test was used to compare high (AL >26.5 mm) and lower myopia data (AL <26.5 mm). Associations between SFCT, visual acuity (VA), AL, refractive error (RE) and sex were evaluated using univariate and multivariate analyses. Significance was set at p < 0.05.
Results
The main parameters are shown in Table 1 . The data are presented and discussed in the following order: first, the VA data over time, the last decade in particular, expressing the visual ability of the participants; and second, the choroidal thickness data and their associations.
Myopia-related ophthalmic morbidity and visual acuity
Nine patients eventually had undergone cataract surgery, with a targeted pseudophakic shift of refraction to low myopia. Vision was restored to precataract level, however, with subsequent maculopathy in one patient. Two pseudophakic men acquired retinal detachment, resulting in a phthisical blind eye in both patients after unsuccessful vitreo-retinal surgery. One participant had VA 0.5 after cerclage surgery for a unilateral phakic retinal detachment. Two men had retinal vessel occlusions in a branch vein and artery, respectively, leaving sector visual field defects. Choroidal neovascularizations were not observed. Four eyes harboured retinal lacquer cracks, without consequences for vision; maculopathy was reported in three eyes.
Among the 10 eyes labelled as unilateral high myopia, three had deep amblyopia from childhood, and another four eyes eventually scored below 0.05 in decimal VA due to central retinal atrophies. Two participants are followed by local ophthalmologists as possible cases of normal tension glaucoma, however, unaccompanied by typical visual field loss or disc appearance.
Best-corrected visual acuity
The relatively benign long-term visual outcomes are obvious from the better eye data in Table 2 . There were two eyes with a recorded BCVA of 0.5 and one eye with BCVA of 0.3. The top recordings are represented by nine eyes scoring 0.9-1.25.
Among the poorer eye recordings, 3-4 eyes represent anisometropic childhood amblyopia, whereas most lower acuities were due to adult age ophthalmic events; overall six eyes eventually went blind, now ranking between 0.03 and no light sense (cf. morbidity). Three eyes could see 0.9-1.1, and another four eyes managed a decimal VA of 0.8.
Comparing the distributions of better and poorer eyes in a 2 9 2 set-up, they differed significantly (v 2 test, p < 0.01). Table 3 presents the reduction in VA over the senior age period under study (54-66 years), comparing the 2014 recordings with those from 2008 and 2002. Except four participants, all had both previous examinations, which showed individual BCVA findings as mainly constant from age 54 and 60 years. Further on, till age 66, statistically similar reductions were found for better and worse eye (v 2 = 3.48, df = 2, p < 0.1), with median losses attaining a value of 0.1 in decimal VA. The prototype participant thus has maintained visual support from the fellow eye, even when this already had reduced BCVA on record.
Expressed as the average senior age loss (from age 54 to 66), the right eye value for reduction in BCVA (decimal value) was 0.15 (AE0.18), and the left eye value was 0.13 (AE0.14). For this evaluation, the eyes with a factual gain after cataract surgery were given a fictive value of zero for BCVA loss. A total of 13 eyes (right and left eyes pooled) had lost at least 0.25 in decimal acuity, whereas 20 eyes had changed <0.1. Comparing the BCVA values from 1974 at the age of 26 years, the overall mean reduction in decimal VA over the 40 years was 0.2.
Individual colour sense appeared normal, except in one man with deuteranomaly. In all eyes with a BCVA >0.3, contrast sensitivity scores were lumped as normal, with recognition of 4.5-6 rows on the Pelli-Robson chart. The result is in keeping with Thorn et al. (1986) .
Refraction, axial eye length and radius of the corneal curvature Except in the 18 pseudophakic eyes, in nine subjects, the RE had been stable over the senior period. The total myopia in the sample eventually ranged from À4 to À25 D, median value À9 D, when substituting the recent pseudophakic values with the presurgical ametropia. Three of the ten fellow eyes in patients with unilateral high myopia clustered around emmetropia, thus making up the lower tail of the AL range.
Compared with data from 2002 and 2008 (Table 3) , changes in recorded oculometry were small. They were mainly considered due to measurement factors and are not further specified. Axial length (AL; range, 22.9-32.3 mm) and radius of the corneal curvature (range, 7.22-8.37 mm) both had zero as the median value for change during the recent senior period. Compared with the basic 1974 recordings, keratometry data were also stable, whereas some axial elongation had occurred. When present, increases during adult age primarily took place in the first 10-year period, until 1984, and individual elongation correlated to the actual increase in myopia.
Except for the two phthisical eyes, there has been no support for significant changes in AL, growth or shrinkage, due to senior age. Eyes with viable optical coherence data range n = 37-45. CRT = central subfield retinal thickness, RNFL = retinal fibre layer thickness, SD = standard deviation, SFCT = subfoveal choroidal thickness. The better eye values denote the visual acuity potential of the individual. Table 4 . Univariate analysis in all eyes (n = 51) with optical coherence tomography data (at top) and in the subgroup of high myopia (at bottom, n = 27). In lower myopia all models were nonsignificant. AL = axial length, RE = refractive error, SFCT = subfoveal choroidal thickness, VA = visual acuity.
Models

Enhanced depth imaging tomographic data
The refractive value generally may be regarded a correlational mix, however, with AL as the strongest single oculometric determinant. In accordance with Tokoro's group (Ohno-Matsui et al. 2011), we had chosen the AL value of 26.5 mm to subdivide the 45 eyes (26 above, 19 below 26.5 mm), which had technically valid EDI-OCT measurements, and the designations of high myopia and lower myopia were used accordingly.
The mean central SFCT and retinal nerve fibre layer thickness for all 45 eyes are listed in Table 1 . The SFCT mean value was 114 AE 75 lm in high myopia (AL >26.5 mm), which was significantly thinner than the mean value for the lower myopia group (182 AE 94 lm; p = 0.01).
Univariate analysis (Table 4) confirmed that the SFCT was significantly thinner the longer the eye (p < 0.0001; Fig. 1) ; this significance was also maintained in the high myopia subgroup (p = 0.0003).
Lower VA was associated with longer eyes (total sample) and was also found in the high myopia subgroup (p values 0.0003 and 0.04, respectively). By regression statistics, however, the VA was only associated with the choroidal thickness measure when all eyes were included ( Fig. 2 ; p = 0.02; Table 4), and both subgroups (high and lower myopia) showed p values above 0.05 (n.s.). Visual acuity (VA) was not associated with central subfield retinal thickness (p = 0.98) or retinal fibre layer thickness (p = 0.52). No associations were found between RE and SFCT, or VA. Lack of correlational significance was thus a general feature of the lower myopia subgroup.
Only AL remained significantly associated with SFCT and to VA by multivariate analysis (Table 5) .
Discussion
Despite occasional complications, the general ophthalmic data in the followup study of unselected Copenhagen teenagers born in 1948 emphasize that the visual ability of the now 66-yearold participants was retained. All had at least one good eye to sustain everyday activities. Besides visual loss due to complications, however, there also seemed to be a gradual reduction with age of the best acuity recorded. Bestcorrected VA (BCVA; decimal value) as a measure of the average VA reduction over the last decade was 0.14 for all eyes, and it was 0.2 compared with the level at age 26 years. Nobody qualified for the label of low vision, and only one participant was borderline in relation to the official requirements for a driver's licence.
Except for pseudophakic eyes, refraction had remained constant after the age of 50 years, and the same held for keratometry and AL data. Direct phakometry was not part of the study, and occasional refractive excursions could in theory have been associated with altered optical properties of the lens. However, there has been no support from slit lamp findings and current ultrasonic lens thickness data, and lens opacities were not further classified. The individual decision for cataract surgery was simply guided by the visual complaints and with support from optically degraded fundus imaging by direct ophthalmoscopy. The posterior fundus eye wall parameters as measured by EDI-OCT are presented in Table 4 . Compared with the literature (Ikuno & Tano 2009; Song et al. 2014) , the mean value for central subfield retinal thickness of 288 lm was higher in our sample, and the mean of 82 lm for retinal fibre layer thickness was lower (Hsu et al. 2013; Malakar et al. 2015) . Both parameters showed no association with actual VA.
Regarding the choroidal thickness, an association with AL is generally accepted (Mrejen & Spaide 2013; Wei et al. 2013; Wang et al. 2015) . Our results support this association, primarily when all eyes are included, although also for the subgroup with high axial myopia (AL >26.5 mm). The mean choroidal thickness is in keeping with other published data on high myopia (Flores-Moreno et al. 2013 ). In the high myopia subgroup, the association between BCVA and SFCT only approached borderline (p = 0.11), and in the multivariate analysis, a significant association was found only between AL and VA. Comparing this result with the highly significant association between AL and SFCT, we suggest the AL's association with VA as most likely due to its close correlation with a thinner choroid. Accordingly, the combined interpretation could be that longer eyes have a thinner subfoveal choroid, possibly influencing photoreceptor metabolism and thus underlying the reduced VA as indicated in the univariate set-up (Nishida et al. 2012; Flores-Moreno et al. 2013; Ho et al. 2013 ). In the context, uniform conclusions have not derived from various studies in recent literature. Comparisons are however difficult due to differences in set-up with regard to age group, medical history, inclusion criteria and degree of myopia. In one such study, of young adults with high myopia exceeding À10 D, SFCT measurements were not independently associated with BCVA. Other factors were thus held responsible for reduced VA, as for instance posterior pole degenerations (Gupta et al. 2016 ). Only three of our patients, now in their sixties, presented a significant maculopathy (cf. Fledelius et al. 2017 ).
In conclusion, we emphasize that no associations were disclosed in ordinary (or Gaussian) high myopia, as defined by ALs up to 26.5 mm. Below this AL, a correlation could not be demonstrated according to the refractive span shown by the 19 eyes, but age as a cofactor for the (lower) degree of myopia as specified here was suggested by the much higher choroidal thickness value found in adolescents previously reported by the same author (Li et al. 2014 ; cf also Wang et al. 2015) .
Above 26.5 mm, progressive thinning of the subfoveal choroid became obvious, and nutritional factors may, despite the absence of definite funduscopic macular lesions in most patients, underlie the lower visual acuities as suggested by increasing AL. However, decreased density of the central photoreceptors cannot be excluded.
With regard to complications and visual impairment over the four decades, the representative populationbased sample still presents a more benign profile than the more prevalent series involving selection and experience from vitreo-retinal clinics. At the age of 66 years, our participants did not have low vision.
